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Abstract - Biomass energy is an important component in 
the overall structure of renewable energy and has the 
greatest potential for increasing volumes.  However, the 
peculiarities of the properties of agro-industrial residues are 
a significant disadvantage of their widespread use.  The 
process of torrefaction allows to bring the characteristics of 
biofuel as close as possible to thermal coal.  Different degree 
of heat treatment of biomass leads to a product with different 
heating value.  Therefore, it is important to know the optimal 
mode of torrefaction, which will provide the best energy 
parameters of biofuels. 
   Researches of torrefaction were carried out on the basis 
of educational and scientific laboratory "DAK GPS" of the 
State Agrarian and Engineering University in Podilia.  The 
kinetics of the relative mass of different types of biomass at 
different processing temperatures was considered.  The 
dependence of the degree of torrefaction on the heat 
treatment temperature is revealed. As shown by studies for 
most biomaterials of plant origin, we can distinguish the 
beginning of intensive transformation and its end, after 
which there is a sharp slowdown in weight loss, and, 
accordingly, and the energy density of the samples. 
Keywords - biomass, torrefaction, thermal treatment, 
energy intensity biofuels, thermal decomposition, 
thermogravimetric investigation. 
I. INTRODUCTION 
The growth rate of the bioenergy sector in the world is 
constantly growing, which requires the expansion of 
opportunities and improvement of technologies in existing 
areas of renewable energy.  From this point of view, one of 
the most promising renewable energy sources is biomass. 
The main sources of biomass are agricultural waste and 
residues (straw, stalks and rods of corn, stalks and husks of 
sunflower), as well as energy crops (willow, poplar, 
miscanthus), which are grown specifically for this purpose.  
Increasing the volume of such raw materials is an 
agronomic issue, and in the field of improving the energy 
properties of biomass there are already significant 
successes, but scientific research is still underway.  The 
main obstacles to the use of plant biomass as a solid fuel 
are then some of its physical characteristics: low energy 
density, heterogeneity, particle size, etc. The peculiar 
chemical-physical properties, which appear as highly 
variable shape, size, moisture content, density, chemical 
composition (different proportion and nature of the 
hemicellulose, cellulose and lignin) and high 
concentrations of minor species, such as chlorine, alkali 
metals, nitrogen and sulphur, strongly modify the reactivity 
of both the starting material and the intermediate products 
of the decomposition and gasification processes. 
The production of standardised upgraded biomass with 
low cost technology will definitively constitute a 
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prerequisite to produce biofuels rather than the use of raw 
biomass.  
One of the ways to obtain a product with such 
properties from biomass is its torrefaction - the process of 
"soft" pyrolysis of biomass, heating without access of air, 
which takes place at temperatures of 200-320 °C and 
atmospheric pressure for 15-30 minutes. 
 The torrefaction process is aimed at improving the 
properties of biomass as a fuel. It consists of a slow heating 
of biomass in an inert atmosphere to a maximum 
temperature of 300 °C. The treatment results in a solid 
uniform product with lower moisture content and higher 
energy content compared to those in the initial biomass. 
The solid product retains approximately 70% of the initial 
weight and 80-90% of the original energy content [1-3]. 
The following property changes can be achieved by 
torrefaction:  
• Increase of the heating value per weight unit.  
• Improved hydrophobic nature. Torrefied biomass is 
hydrophobic and contains a very low moisture content. It 
does not egain humidity during storage and therefore it can 
be stored outside.  
• Improved grinding properties [4]  
• Increased uniformity and durability. The composition 
of torrefied biomass is uniform. The production process is 
controllable. This makes it a suitable solid fuel for 
combustion and gasification applications.  
One of the big advantages of the torrefaction 
technology is that it converts biomass feedstocks, which 
generally do not have uniform qualities, into more uniform 
materials with predictable and controllable fuel properties 
[5, 6].  
Torrefied products can substitute charcoal in various 
applications. 
The thermogravimetric method of analysis is widely 
used to study the torrefaction process. This method allows 
not only to obtain quantitative characteristics of the process 
of term decomposition, but also to describe this process 
with sufficient accuracy in the form of kinetic equations 
[7]. Although such studies are the most accurate, they are 
not so common in the literature [8,9], which is due to the 
high complexity of the experiments and the need to have 
the appropriate equipment. 
For production conditions it is important first of all 
qualitative characteristics of the final product which 
depend on modes of thermal processing of biomass. This 
is due to the fact that in the process of torrefaction is not 
only the removal of moisture from the raw material 
(drying), but also the partial thermal destruction of the 
organic component of biomass. It is accompanied by 
changes that can be detected and evaluated not only by 
complex laboratory analysis, but also by simple 
measurements, weighing or even organoleptic evaluation 
of samples. According to the parameters that characterize 
the level of thermal transformations of biomass can be a 
change in color, weight loss, change in shape and size, the 
acquisition of new properties (fragility, hardness, etc.).  
II. MATERIALS AND METHODS 
It continues the work on the scientific topic 
"Agrobiomass of Ukraine as an energy potential of Central 
and Eastern Europe" (registration number 0119U103056) 
at the State Agrarian and Engineering University in 
Podilia, the joint Ukrainian-Polish educational and 
scientific laboratory "DAK GPS"[10-17]. The main 
activity of the laboratory is to improve the energy 
performance of biomass by thermal treatment 
(torrefaction), which results in torrefied products. 
Investigations of the primary signs of the state of heat-
treated raw materials were carried out on a plant for 
torrefaction of tape-type biomass with passive interaction 
with the material. This method minimizes the physical and 
mechanical effects on the raw material, and the flow of the 
process allows to get the most homogeneously processed 
product.  
Selected biomass samples using laboratory scales were 
divided into equal-weight portions of 50-100 g, which were 
alternately subjected to heat treatment at seven temperature 
regimes: 180, 200, 220, 240, 260, 280 and 300 °C. The 
temperature range 180-300 fully meets the conditions of 
the torrefaction process. 
To bring the data to a more traditional form, it is 
necessary to build thermogravimetric curves in addition to 
the weight loss curves.  To construct the curves, the loss in 
mass of the substance during heating to high temperatures 
is determined.  The curve of the dependence of mass loss 
on temperature is plotted in the coordinates of the abscissa 
- temperature, ordinate - mass loss in grams or percent (Fig. 
1).  Such a curve called simple or integral shows all the 
mass loss from the beginning to the end of heating. 
 
Fig. 1. Characteristics of the thermogravimetric curve in the case of a 
one-stage reaction 
In Fig. 1 shows the characteristics of the curve of mass 
reduction in the case of a single-stage reaction.  For any 
one-stage non-isometric reaction, you can choose two 
characteristic points on the thermogravimetric curve: a) the 
initial decomposition temperature Ts, ie the temperature at 
which the total change in mass reaches the sensitivity of 
thermobalances;  b) the final temperature Tf, ie the 
temperature at which the total change in mass reaches a 
maximum value corresponding to the completion of the 
reaction.  The difference Tf - Ts is called the reaction 
Tf 
Ts 
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interval.  These threshold values will determine the start 
and end modes of torrefaction.  
III. RESULTS AND DISCUSSION 
Any heat treatment of organic matter is primarily 
associated with the removal of moisture and thermally 
unstable elements, as well as with the transformations 
caused by the action of temperature. The basic 
classification of the bonds between moisture and material 
is usually a scheme where all bonds are divided into 
chemical, physicochemical (adsorption and osmotic) and 
physico-mechanical (wetting fluid and contained in 
capillaries).  Chemically bound moisture has the highest 
binding energy to the material and is in a certain 
quantitative ratio with the dry matter.  This moisture can be 
removed from the wood at temperatures above 180 °C, but 
the molecular structure of the material will change. 
At a temperature of about 190 °C, pyrolysis reactions 
begin to take place in the surface layers of the wood, the 
front of which moves into the material as it heats up (Fig. 
1).  This causes the decomposition of the least heat-
resistant components of wood, which is accompanied by 
the release of monoxides of carbon and nitrogen, 
chemically bound moisture and other products [18, 19].  
The component composition of wood begins to change. 
Biomass consists of three main polymer structures: 
cellulose, lignin and hemicellulose. Hemicellulose begins 
to decompose at a temperature of about 190 °C, Its 
decomposition begins with the loss of moisture and the 
formation of volatile products. It is believed that the main 
destructive processes take place at a temperature of 220-
280 °C, with the maximum rate of weight loss corresponds 
to 240 °C. [20]. 
Cellulose and lignin are more heat-resistant, so the 
decomposition of cellulose occurs in the temperature range 
280-370 °C, the maximum speed of this process is at 335 
°C. Thermal decomposition of the main part of lignin 
occurs in the temperature range 200-540 °C, with the 
maximum rate of weight loss is observed at 420 °C [20] 
Thus, the decomposition of certain components will 
affect the overall weight loss, and in parallel will determine 
the degree of torrefaction.  In order to identify the boundary 
points of this process, it is necessary to construct 
appropriate thermogravimetric curves, the analysis of 
which will allow us to talk about the optimality of 
processing in a particular mode. 
To determine the parameters of weight loss at different 
processing temperatures, a number of studies were 
conducted for different types of raw materials.  The results 
of measurements of relative weight loss are shown in Fig.2.  
And to bring them to the classical form of such studies, 
integral thermogravimetric curves are shown in Fig.3. 
 
Fig. 2. Relative weight loss of some types of raw materials. 
 
Fig. 3. Integral thermogravimetric curves of torrefaction of different 
types of biomass. 
Analyzing the graphs, we see that the dynamics of 
changes in weight loss depending on the thermal treatment 
temperature for different biomass occurs on similar 
principles. At the initial stage, the curve is almost 
horizontal, or with a slight slope toward growth, depending 
on the initial humidity of the material. Obviously, as in the 
case of thermogravimetric curves (Fig. 2, 3) at this stage is 
the removal of free moisture and drying of the material. 
Further, there is a sharp increase in weight loss, which is 
apparently due to the internal destruction of organic matter 
of biomass and the removal of volatile substances. After 
some period of temperature, the curve stabilizes again, 
which indicates the end of the active phase of thermal 
transformations. This interval can be considered as 
temperature modes of torrefaction. As can be seen from the 
graphs, this interval has different values for different crops, 
but given that their definition does not require complex 
Serhii Yermakov, et al. Primary Assessment of the Degree of Torrefaction of Biomass Agricultural Crops 
 
267 
techniques and expensive equipment, this method can be a 
way of initial assessment of the parameters of torrefaction 
and the quality of torrefaction). 
IV. CONCLUSIONS 
Thus, in the process of torrefaction, the potential energy 
of biomass is compacted by removing moisture from the 
wood, as well as volatile substances formed during the 
decomposition of hemicellulose and partial decomposition 
of cellulose and lignin. As shown by studies for most 
biomaterials of plant origin, we can distinguish the 
beginning of intensive transformation and its end, after 
which there is a sharp slowdown in weight loss, and, 
accordingly, and the energy density of the samples.  
Thus, the control of weight loss and discoloration of 
biomass subjected to thermal treatment can be parameters 
of the initial assessment of the modes of torrefaction and 
the quality of torrefaction. And this in turn will allow 
without the presence of complex equipment in the 
production environment with sufficient accuracy to 
determine the necessary modes of torrefaction. 
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